ferases [17] . Previous work showed that a double mutant of drm1 and drm2 showed a lack of de novo DNA methylation normally associated with transgene silencing of the FWA and SUPERMAN genes [18] . It was also observed that drm1 drm2 double-mutant plants show major losses of asymmetric methylation and more subtle and locus-specific effects on CpNpG methylation at endogenous Arabidopsis loci [12] . In this study, we have studied the roles of the DRM and CMT3 genes in both the maintenance and initiation of RdDM in the H/K system.
DRM and CMT3 Redundantly Control the Maintenance of RNA-Directed Non-CpG Methylation
To study the role of DRM and CMT3 in the maintenance of RdDM in the H/K system, we crossed a drm1 drm2 cmt3 triple-mutant plant to a line homozygous for both the H and K transgenes (HHKK). F1 plants were allowed to self pollinate, and F2 progeny plants were screened using PCR-based molecular markers to identify lines with the following genotypes: HHKK (with no methyltransferase mutations), HHKK drm1 drm2, HHKK cmt3, and HHKK drm1 drm2 cmt3. These F2 plants were allowed to self pollinate, and DNA was extracted from the F3 plants for methylation analysis. We used bisulfite genomic sequencing to measure the levels of DNA methylation at the NOSpro:NTPII target locus in each of these genotypes. Because the H and K transgenes were together before crossing in the methyltransferase mutations, this experiment measures the effect of the methyltransferase mutations on the maintenance of preexisting RdDM.
We found that CpG methylation of NOSpro:NTPII was with Psp1406I (P) indicative for CpG-methylation and NheI (N) indicative for CpNpG/CpHpH methylation. Multiple bands in the H cut DNA ("Ϫ" lanes) demonstrate that more than one T-DNA copy is present at the target transgene locus. In the unsilenced and unmethylated state (first panel), the upper three bands (marked by arrows) shift to smaller sizes upon digestion with P and N. In the presence of the silencer (H) transgene (second panel), cleavage at these sites is largely blocked due to acquired methylation. The drm1 drm2 and cmt3 mutants show increased digestion with N but no effect on digestion with P. In (C), genomic DNA precut with the methylationinsensitive enzyme BstNI (B) was further digested with Psp1406I (P) indicative for CpG methylation, SacII (S) indicative for CpG/CpNpG methylation, and NheI (N) indicative for CpNpG/CpHpH methylation. B digestion ("Ϫ" lanes) yields one band (marked by an arrow), which is completely digested by P, S, and N in the unsilenced state (first panel). In presence of the silencer (second panel), cleavage of P and S is completely blocked due to acquired methylation, while N cleavage is partially inhibited. The drm1 drm2 double mutant and drm1 drm2 cmt3 triple mutant show increased digestion with N. We also tested 100 seeds of the HHKK cmt3 line described above and again did not observe double antibiin the drm1 drm2 cmt3 triple mutant, CpNpG methylation was lost. Thus, DRM and CMT3 act redundantly to otic resistance. Thus, cmt3 does not release transcriptional gene silencing of the NOSpro:NTPII gene to a level maintain RNA-directed CpNpG methylation. For cytosines in asymmetric sequence contexts, the drm1 drm2 sufficient for kanamycin resistance. We were unable to perform a similar experiment with drm1 drm2 double plants showed a major loss of methylation, while cmt3 single-mutant plants did not show a reduction. However, mutants, because the T-DNAs present in the DRM1 and DRM2 genes also confer kanamycin resistance. Therethe residual 3% of asymmetric methylation remaining in drm1 drm2 double mutants was eliminated in the fore, we used reverse transcription polymerase chain reaction (RT-PCR) to measure the levels of NPTII mRNA drm1 drm2 cmt3 triple-mutant plants. Thus, DRM and CMT3 also act redundantly to maintain RNA-directed produced in the HHKK, HHKK drm1 drm2, HHKK cmt3, and HHKK drm1 drm2 cmt3 lines described above (Figasymmetric methylation. Southern blot analysis using methylation-sensitive reure 1D). We found that the drm1 drm2 double mutant and the drm1 drm2 cmt3 triple mutant showed a partial striction enzymes was used to confirm the results obtained by bisulfite sequencing. We analyzed both the reactivation of expression from the NOSpro:NPTII target gene. However, this level of expression was much lower NOSpro:NPTII ( Figure 1B ) and the NOSpro:NOS ( Figure  1C ) genes present at the target K locus. We found that than in target K plants that did not contain the H silencing transgene (KK lane in Figure 1D ). The cmt3 single mutant none of the drm1 drm2, cmt3, or drm1 drm2 cmt3 mutant combinations had an effect on digestion with Psp1406I also showed some reactivation of NOSpro:NPTII but at an even lower level than in the drm1 drm2 double muor SacII, which are sensitive to CpG methylation in their recognition sites (Figures 1B and 1C) , confirming that tant. These data suggest that drm, and to a lesser extent cmt3, can weakly reactivate NOS promoter activity. We DRM and CMT3 do not affect CpG methylation. To assay non-CpG methylation we utilized NheI, which is blocked also tested each of these genotypes for the activity of the NOSpro:NOS gene, by measuring levels of nopaline by methylation of the second cytosine in its recognition site GCTAGC. Because of the sequence context of the in tissue extracts [19] . We did not detect a significant level of nopaline in the HHKK drm1 drm2, HHKK cmt3, NheI site in the NOSpro sequence CA[GCTAGC]AA, this cytosine is in an asymmetric context on one strand and or HHKK drm1 drm2 cmt3 lines, though nopaline was ( Figure 3B ). Therefore, the DRM genes are required for the establishment of RNA-directed transcriptional gene
